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Automatic Code Editing



Adding Feature )

public String removeComment (String leftOver) (

+

if (hasBlockComment (leftOver)) {
while (hasBlockComment (leftOver)) {

leftOver = removeBlockComment (leftOver) :;
}
if (hasLineComment (leftOver)) {
while (hasLineComment (leftOver)) {

leftOver = removelLineComment (leftOver) ;
}

return leftOver;
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Adding Feature )

public String removeComment (String leftOver) (
= if (hasBlockComment (leftOver)) {
ar while (hasBlockComment (leftOver)) {
leftOver = removeBlockComment (leftOver) :;
}
= if (hasLineComment (leftOver)) {
qr while (hasLineComment (leftOver)) { ( h

) Bug-fixing
leftOver = removelLineComment (leftOver) ;
ieturn leftover; public abstract void removeSessionCookies ()
} throws Exception + ;
\_ = throw new MustOverrideException() ;
-}
N J
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4 Adding Feature )
public String removeComment (String leftOver) (
= if (hasBlockComment (leftOver)) {
ar while (hasBlockComment (leftOver)) {
leftOver = removeBlockComment (leftOver) :;
}
= if (hasLineComment (leftOver)) {
: . e
qr while (hasL:.neComment(Z!.eftOver) ) { Bug—fixing
leftOver = removelLineComment (leftOver) ;
ieturn leftover; public abstract void removeSessionCookies ()
} throws Exception + ;
\_ = throw new MustOverrideException() ;
-1
4 Refactoring
void visit (JSession zsession, Timer t) throws Exception {
if (#session != null && t.getTime() > =xsession.getStartTime()) {
visit ( (JNode) =session, t);
}
else {
visit (new JNode (), new Timer());
}
}
CSt- -

eCU
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Code Edits Are Repetitive

] )
- if (super.equals (object)) {
+ if (this == object) {
}
- return super.equals (object); )
+ return this == object;
4 ce )
if (this.equals (object)) {
+ if (this == object) {
}
- J
CSw
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Code Edits Are Repetitive (Menget. al. 2011[1], 2013[2], Ray et. al. 2015[3])

- = = \
= if (super.equals (object)) {
+ if (this == object) {
}
— return super.equals (object);| ... )
+ return this == object;
h
if (this.equals (object)) {
+ if (this == object) {
}
. ' J
CSz
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Code Edits Are Repetitive (Menget. al. 2011[1], 2013[2], Ray et. al. 2015[3])

.. A
- if (super.equals (object)) {
+ if (this == object) {
}
— return super.equals (object);| ... )
+ return this == object;
5 J
- if (this.equals (object)) {
+ if (this == object) { @
©
\ Is 1t possible to
L g Automate
Such Code Edits?
J
/
CS&z
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Automating Code Edits - Template/Search based

4 0 )
Edit Template
= return super.cquals (object);
+ return this == object;
- J
CSw
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Automating Code

Edits - Template/Search based

4 .
Edit Template
= return super.cquals (object);
B return this == object; ~
L public Model copy(Model instance) {
instance.notify () ;
if (super.equals(instance) && !instance.isEmpty ()) {
return instance.clone () ;
}
}
\ J
CSa
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Automating Code Edits - Template/Search based

4 .
Edit Template
= return[super .equals (object) ;] [ LEEL e ]
o return this == object; ~
S e public Model copy(Model instance) {
instance.notify() ;
if (buper.equals(instanceﬂ && !instance.isEmpty()) {
return instance.clone () ;
}
}
\_ J
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Automating Code

Edits - Template/Search based

[ Patch Applied ]

public Model copy(Model instance) {

instance.notify () :
if (&his == instance]&& linstance.isEmpty () ) {
return instance.clone();

}

( Edit Template
= return super.cquals (object);
ik return[this == object;]
-
(&
CSz
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Automating Code Edits - Template/Search based

Edit Template

return super.cquals (object);

[ Patch Applied ]

return[this == object;]
L public Model copy(Model instance) {

instance.notifv():

if (&his == instance]&& linstance.isEmpty () ) {

return instance.clone () ;
}
e Too many templates to write (Saha et al.[22])
CSd

eCU
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Code Editing Task - Learning Based Solution

CSa
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Code Editing Task - Learning Based Solution

[ Example Code Edits ]

( A
[ \
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Code Editing Task - Learning Based Solution

[ Example Code Edits 1

[ A
{ 3

return super.equals (object) > FNAEY

[ Code Before Edit ]

CSa
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Code Editing Task - Learning Based Solution

[ Example Code Edits 1

f "\
{ A

return super.equals (object)c=> #5 5, —> return this == object

[ Code Before Edit ] [ Code After Edit }

CSa
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What are my Contributions?
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eCU 139



What are my Contributions?

Identification of
Technical
Challenges in
Learning based Code
Editing.
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What are my Contributions?

Development of
Models for
Automated
Code Editing. Identification of

Technical
Challenges in
Learning based Code
Editing.
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What are my Contributions?

Application in
Automatic
Program Repair
and Other SE

Development of tasks.
Models for
Automated
Code Editing. Identification of

Technical
Challenges in
Learning based Code
Editing.
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Automated Code Editing - Existing works.
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Automated Code Editing - Existing works.

1. Modern IDE (Eclipse, IntelliJ IDEA) - Refactoring, Boilerplate Code.

Template-based

2. Meng et.al. - PLDI’11 - Infer edit template with graph matching [1].
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Automated Code Editing - Existing works.

Template-based

Meng et.al. - PLDI'11 - Infer edit template with graph matching [1].

Rolim et. al. - ICSE’'17 - Designed a DSL for representing Edits [4].
Dinella et.al. - ICLR’20 - Neural Turing Machine [5].

Mutation Learning

CSslz
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Modern IDE (Eclipse, IntelliJ IDEA) - Refactoring, Boilerplate Code.
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Automated Code Editing - Existing works.

Template-based

Mutation Learning

Encoder-Decoder

Modern IDE (Eclipse, IntelliJ IDEA) - Refactoring, Boilerplate Code.
Meng et.al. - PLDI'11 - Infer edit template with graph matching [1].

Rolim et. al. - ICSE’'17 - Designed a DSL for representing Edits [4].
Dinella et.al. - ICLR’20 - Neural Turing Machine [5].

Tufano et. al. - ASE’18 [6], ICSE’19 [7], TOSEM’19 [8].
- Abstract tokenization.

Chen et. al. - TSE’19 - Copy Attention-based models [9].

Tufano et. al. - ICSE’21. - Multi-Encoder models[10].
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Encoder-Decoder
Based Code Editing



Code Editing with Encoder-Decoder

if (this == instance)

T
{ Encoder JE:>|||| I"-IIE#>[ Decoder J

T

if (super.equals (instance))

Encoder and Decoder learns Edit Pattern and
To Apply the Pattern in Similar Context.

CSa
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Encoder-Decoder Based Code Editing

Where does my dissertation stand?



Concrete Syntactic Contextual Code Multi

Method Code Correctness Correctness Naturalness Modality

M. Tufano et. al. ASE 2018 [6], ICSE 2019 [7] @ A A
SequenceR - Chen et. al. TSE 2019 [9] '_ ] A A
CODIT - TSE 2020 A

O
S

CodeBERT?* - Feng et. al. EMNLP 2020 [11]

RRXNRXRXX

PLBART - NAACL 2021

O
S

CoCoNut - Lutellier et. al. ISSTA 2020 [12]

> B>
B> B>

B | BB BB B &

R. Tufano et. al. - ICSE 2021 [10] CX)
MODIT — ASE 2021 ?r« ?»1
NatGen — FSE 2022 ?» ?~ ! (?M
CSe (V) Used/Guaranteed @Not Used ANO guarantee ? Empirical guarantee

@CU * While CodeBERT is an encoder only pretrained model, it has been used for program repair with a transformer decoder trained from scratch. 150



Code Editing with Encoder-Decoder

if (this == instance)

T
{ Encoder JE:>|III I"-IIE%>[ Decoder J

T

if (super.equals (instance))

CSa
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Code Editing with Encoder-Decoder

[ Encoder ]:>|||||---||
1

if (super.equals(instance))

Encoder encodes the input code to a vector or matrix.

CSa
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Code Editing with Encoder-Decoder

if (this == instance)

T
{ Encoder ]E#>|||| I"-IIE#>[ Decoder J

!

if (super.equals(instance))

Decoder generates the edited code.

CSa
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Desired Properties of
Encoder and Decoder



Properties of Source Code.

CSw
eCU



CSw
eCU

Properties of Source Code.

Ret Stmt

[ Return ] Stmt

[ J
/ \A
[ ] Call ] [SemiColon]

Syntax
Structure

0
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Properties of Source Code.

Ret Stmt

[ Return } [ Stmt }

Syntax
Structure

CSw
eCU

Dependency

4 #include

2 ,int main () {
char username|[8];
int allow = 0;
printf(

gets (username) ;

if (grantAccess (usern
allow = 1;

}
if (allow != 0) {
privilegedAction() ;

VWO Jdo b Ww

}

return O;

Data
Dependency

157
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Desired Properties of the Encoder

Source
Code

\/

—> [
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Desired Properties of the Encoder

Source

. :> { Encoder
O
\_/ O

Understand
Structure
CSsz
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Desired Properties of the Encoder

Source
Code

\/

— |

Encoder

O

(¢]

O

Understand Understand
Structure Dependency
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Desired Properties of the Decoder

return this == object
T 1. Syntactic correctness.
Decoder 2. Semantic correctness.

CSa
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Desired Properties of the Decoder

return this == object

1

‘ Decoder

[Syntactically Incorrect]

(boolean f (Object target) {
for (Object elem : if.elements) {
if (elem.equals(target)) {
return true;
}
}

return false;

~

1. Syntactic correctness.
2. Semantic correctness.
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Desired Properties of the Decoder

return this == object
{ Decoder J

[Syntactically Incorrect]

(boolean f (Object target)

for (Object elem :

if

~

{

elements) {

if (elem.equals(target)) {
return true;

}
}

return false;

1. Syntactic correctness.
2. Semantic correctness.
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Desired Properties of the Decoder

return this == object
{ Decoder

[Syntactically Incorrect]

(boolean f (Object target) {
for (Object elem : |if
if (elem.equals(target)) {

return true;

elements)

}
}

return false;

{

~

1. Syntactic correctness.
2. Semantic correctness.

[ Semantically Incorrect }

(boolean f (Object target) {
for (Object elem : this.elements) {
if (elem.equals(f)) {
return null;
}
}

return false;

N
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Desired Properties of the Decoder

return this == object
{ Decoder

[Syntactically Incorrect]

(boolean f (Object target) {
for (Object elem : |if
if (elem.equals(target)) {

return true;

elements)

}
}

return false;

{

~

1. Syntactic correctness.
2. Semantic correctness.

[ Semantically Incorrect }

(boolean f (Object target) {
for (Object elem : this.elements) {
if (elem.equals) {
return null;
}
}

return false;

N
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Desired Properties of the Decoder

return this == object
{ Decoder

[Syntactically Incorrect]

(boolean f (Object target) {
for (Object elem : |if
if (elem.equals(target)) {

return true;

elements)

}
}

return false;

{

~

1. Syntactic correctness.
2. Semantic correctness.

[ Semantically Incorrect }

(boolean f (Object target) {

for (Object elem : this.elements) {
if (elem.equals((f)))

return null;

}
}

return false;

N
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Code Editing as Understanding and Generation
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Code Editing as Understanding and Generation

Understanding
Source Code

Understanding Structure
And Functionality of Source Code

{ Encoder ]

CS&
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Code Editing as Understanding and Generation

Understanding
Source Code

Understanding Structure
And Functionality of Source Code

{ Encoder J

Generating
Source Code

Ensuring the Syntactic and Semantic
Correctness for Generating Source Code

CSslz
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Code Editing as Understanding and Generation

Understanding
Source Code

Understanding Structure
And Functionality of Source Code

Generating
Source Code

Ensuring the Syntactic and Semantic
Correctness for Generating Source Code

[ Decoder

CSw
eCU

Syntax

Semantics

Encoding

170



Encoding PL Properties
Code
Modeling
[ : |
Explicit Implicit
l Encoding Encoding

Ways of
Encoding

CSw¥ Semantics
@CU o



Explicit Encoding

Code
Modeling
I

Explicit Implicit
Encoding Encoding

Natural Channel
Mutation

Formal Channel

Mutation

CSd
eCU 172



Explicit Encoding

Code
Modeling
I

Explicit Implicit
Encoding Encoding

Natural Channel
Mutation

Formal Channel

Mutation
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Explicit Encoding

Code
Modeling

Explicit Implicit

=

return|

Encoding Encoding %_%
o

Natural Channel
Mutation

Formal Channel [13] Learning to Represent Program as Graphs
Mutation Allamanis et. al. 2017

[14] Learning to Represent Edits
Yin et. al. 2019

CS@ [5] HOPPITY — Dinella et. al. 2020

eCU 174




CODIT: Code
Editing With

Tree Based
Neural Models

TSE - 2020

Findings

Generation of Syntax Tree
instead of code Guarantees
Syntactic Correctness.

Contribution

Tree/Grammar Based Model
for Automatic Code Editing.

175



CODIT: Code Editing With Tree Based Neural Models

CSw
eCU



CODIT: Code Editing With Tree Based Neural Models

Code Before Edit

return super.equals (object);

CSw
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CODIT: Code Editing With Tree Based Neural Models

Code Before Edit

return super.equals (object);

Ret Stmt
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CODIT: Code Editing With Tree Based Neural Models

Code Before Edit

return super.equals (object);

Return
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CODIT: Code Editing With Tree Based Neural Models

Code Before Edit Code After Edit

return super.equals (object); return this == object;

Ret Stmt Ret Stmt

Return

180



CODIT: Code Editing With Tree Based Neural Models

Code Before Edit Code After Edit

return super.equals (object); return this == object;

4 N\

CS&
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CODIT: Code Editing With Tree Based Neural Models

Code Before Edit

return super.equals (object);

Ret Stmt

Code After Edit

return this == object;

Ret Stmt

Return

~
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CODIT Step 1 : Tree Translation
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CODIT Step 1 : Tree Translation

Var

(Ret Stmt——

stmt  ——

Call ——

Y Param ———

Return Stmt

Call Semicolon

O Ref DOT Method
LB Param RB

Vvar

A

Stmt

B —

Bool St ——

LHS
RHS

_

_

Ret Stmt——— Return Stmt

Bool St Semicolon

LHS EQ RHS
VAR
VAR

184



CODIT Step 2 : Token Generation

[ Return } [ Return Stmt
/

[ Call Bool St SemiColonJ

(7o)

n
)
=
Q
o
—
o
,’j

CSa
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CODIT Step 2 : Token Generation

[ Return } [ Stmt Return Stmt
/

[ Call ] [SemiColonJ Bool_St ] {SemiColonJ

[
Enefm'% Param| [RB] LHS RHS
Var

Var Var

([ Return | [0 Ref| [DoT) (Method] (18] [ var | [RB| [Semicolon] )

[return}—fsuper}~| . }-{equals }o{ ( pbiect—{ ) —f ; |
Return Var EQ Var SemiColon
Tok
oKen

Translation return}——pbject—— | this ;
CSslo g’
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CODIT Step 2 : Token Generation

[ Return } Stmt

[
_—

Return Stmt

[ Call ] [SemiColonJ [Bool_St] {SemiColonJ
Enefm'% Param| [RB | LHS RHS
Var Var Var
4 N
[ Return | [0_Ref| [DOT| [Method| (LB| [ var | [RB]| [SemicColon]
[return}—fsuper}~| . }-{equals }o{ ( pbiect—{ ) —f ; |
ar————— S
[ Return ] [ Var } EQ Var SemiColon
Token @:>
Translation {return'—»%;bject} [::] r?Jis
- J
187



CODIT Step 2 : Token Generation

[ Return ‘

[ var ‘

h

return bject == this H

CSw
eCU

¥

h

5]

k.

¥

Var

¥

{SemiColon|

A

¥

188



CODIT Step 2 : Token Generation

 Gp——

[ Return ‘ [Var ‘ @ Var {SemiColon|

v k.

roturn) —{ppjectf =} {ehis }—{;

N——

CSa
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CODIT Step 2 : Token Generation

——

[ Return } {Var ‘ @ Var {SemiColon]

v b4 b ¥ h J

roturn) —{ppjectf =} {ehis }—{;

N~—

public boolean checkEqual (
Object inst, MyClass object) {
MyClass tmp = new MyClass () ;
if (inst == null) {
MyClass tmp2 = new MyClass () ;

}

[ return super.equals(object);]
} y

Reachability Analysis in Edit Location

CS&

eCU
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CODIT Step 2 : Token Generation

——

[ Return ‘

{ var ‘

5]

var {SemiColon|

v b4

roturn) —{ppjectf =} {ehis }—{;

public boolean checkEqual (
Object 1inst,

MyClass tmp = new MyClass () ;

if (inst == null) {
MyClass tmp2 =

}

[ return super.equals(object);]

}

CSw
eCU

N~—

MyClass object) {

new MyClass () ;

Reachable Variables 1n
FEdit Location:

{inst, object, tmp}

(&

~

o

Reachability Analysis in Edit Location
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CODIT
Evaluation
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CODIT: Study Subjects

Code Fragment Size

Number | Number
Data Set of of Edit
Projects | Examples | Number of Tokens | Number of Nodes
Generic Code 3 0 Max - 38 Max - 47
Edit from Github 4 32,473 Avg - 15 Avg - 20
Pull Request
o Max - 34 Max - 47
Edits —Tufano et 3 5546 AvE - 17 Ave - 23

al. [7]
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CODIT: Results (Accuracy in top 5)

Method

Generic Code Edits Pull Request Edit
LSTM-Seq2Seq 3.77% 11.26%
Sequence o o
Based Tufano et. al. [7] 6.57% 23.65%
SequenceR [9] 9.76% 26.43%
Tree2Seq 11.04% 23.49%
Tree Based
CODIT 15.94% 28.87%

194



Example Edits

public void copyFrom(

<+

-+

+
}

-

try{

android.os.Trace.traceBegin

finally{

t

android.os.Trace.traceEnd

jJava.lang.Object arr) {

2) i

J

Deletion

public abstract wvoid removeSessionCookies

.%
_}

throw new android. - MustOverrideException{();—

(..

-)

void visit (JSession 2 session

{

}

visit (((JIJNode)

14

(2 session)),

.)

throws Exception

CSw
eCU
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Application - Automatic Program repair

CODIT fixes 15 bugs completely and 10 bugs partially, out of 80 bugs in Defects4;.

public Week(Date time, TimeZone zone) {

JFreeChart
Bug-8

// defer argument checking...
this(time, RegularTimePeriod.DEFAULT_TIME_ZONE, Locale.getDefault());
+ this(time, zone, Locale.getDefault());

1 N
reachingUses = new MaybeReachingVvariableUse(cfg, t.getScope(), compiler);

Closure reachingUses.analyze();

compiler. for (Candidate c¢ : candidates) {
if (c.canInline()) {
Bug_3 + if (c.canInline(t
.C8 .getScope())) {

c.inlinevariable();

& v

CSa
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Explicit Encoding

return super.equals (object) =mm—p —p return this == object

Ret Stmt——— Return Stmt

Stmt —— Call Semicolon { Return ] { Stmt }
call O Ref DOT Method
LB Param RB

Param —— Var

0_Ref| [DOT| |Method|

Context Free Grammar

CS&
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Explicit Encoding

return super.equals (object) =mm—p —p return this == object

Ret Stmt
public boolean checkEqual ( Ret Stmt——— Return Stmt
Object inst, MyClass object) { Stmt call Semicol T
—_—

MyClass tmp = new MyClass(); m a emicolon { BECE ] { J
if (inst == null) { O Ref DOT Method i

Call —— .

MyClass tmp2 = new MyClass(); LB Param RB

} o Param —— Var

return| super.ecquals (object) ;| {0 Ref} {DOT} {Method]
} —

Reachability Analysis Context Free Grammar

CS&
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Explicit Encoding — Take Away

» Guarantee
— Exola Pros
xplainable
Low Resource
Encoding

Model design overhead
Transferability

css



Implicit Encoding

Code

Modeling
]

Explicit Implicit
Encoding Encoding

Natural Channel
Mutation

Formal Channel

Mutation

CS&
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Implicit Encoding

Code

Modeling
]

=

Explicit Implicit Large Data Corpus
Encoding Encoding

Natural Channel
Mutation

((ﬁ(i

Formal Channel
Mutation

eCU o
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Code
Modeling

Implicit
Encoding

CSw
eCU

Implicit Encoding

printf [MASK]
gets ( username ) ;

if ( [MASK] ( username ) ) {
allow = 1;

}

if ( allow != 0 ) [MASK]

}

privilegedAction ( [MASK] ;

Corrupted Input Code

— — — —

e e
w J o

printf ( )
gets ( username ) ;

;

if ( gets( username ) ) {
allow = 1;
}
if ( allow !'= 0 ) {
privilegedAction ( ) ;
}

Regenerated Correct Code

CodeBERT - Feng et. al. 2019
GraphCodeBERT - Guo et. al. 2020
CodeX - Chen et. al. 2021

CodeT5 - Wang et. al. 2021
202



Implicit Encoding - Pretraining

[17] CodeX - Chen et. al. 2021
[21] Github Copilot
[22] Amazon CodeWhisperer
CS#z
1 203
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Implicit Encoding - Pretraining

Large Models
(Millions of
Parameters)

[17] CodeX - Chen et. al. 2021
[21] Github Copilot
[22] Amazon CodeWhisperer
CS#z
1 204
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Implicit Encoding - Pretraining

Hundreds of
Gigabytes of
source code

Large Models
(Millions of
Parameters)

[17] CodeX - Chen et. al. 2021
[21] Github Copilot
[22] Amazon CodeWhisperer
CSadz
eCU
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Implicit Encoding - Pretraining

Hundreds of
Gigabytes of
source code

Large Models
(Millions of
Parameters)

Large numbers
of unsupervised

training steps
[17] CodeX - Chen et. al. 2021
[21] Github Copilot

[22] Amazon CodeWhisperer
CSa

eCU
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Implicit Encoding - Pretraining

CS&
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Implicit Encoding - Pretraining

\[ Decoder ]4—[ Encoder ]/

CS&
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Implicit Encoding - Pretraining

printf ( ) g

gets ( username )

if ( gets( username )y ) |
allow = 1 ;

}

if ( allow !'= 0 ) {

privilegedAction ( ) ;
}

Correct Code

Decoder ]4—————{

Encoder

)

209



Implicit Encoding - Pretraining

printf ( ) g

gets ( username ) ;

if ( gets( username ) ) { y

allow = 1 ; ﬁ W )

) r

if ( allow != 0 ) { v
privilegedAction ( ) ; .

) Noise
Correct Code Injector

Decoder ]4—[ Encoder ]
J

CS&
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Implicit Encoding - Pretraining

printf ( ) g

printf ( )
gets ( username ) ; gets ( username ) ;
if ( gets( username ) ) { if ( gets(
allow = 1 ; > “r — allow = 1 ;
} }
if ( allow != 0 ) { v

if ( allow {

privilegedAction ( ) ; privilegedAction ( ) ;

) Noise }
Correct Code Injector Noisy Code

Decoder ]4—[ Encoder ]
J

CS&
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Implicit Encoding - Pretraining

printf ( ) g

printf ( )
gets ( username ) ; gets ( username ) ;
if ( gets( username ) ) { if ( gets(
allow = 1 ; > “r — allow = 1 ;
} }
if ( allow != 0 ) { v

if ( allow {

privilegedAction ( ) ; privilegedAction ( ) ;

) Noise }
Correct Code Injector Noisy Code

) 4

Decoder ]4—[ Encoder ]
J

CS&
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Implicit Encoding - Pretraining

printf ( ) g

printf ( )
gets ( username ) ; gets ( username ) ;
if ( gets( username ) ) { g if ( gets(
allow = 1 ; — “r — allow = 1 ;
} }
if ( allow != 0 ) { v

if ( allow {

privilegedAction ( ) ; privilegedAction ( ) ;

) Noise }
Correct Code Injector Noisy Code

1t ) 4

Decoder ]4—[ Encoder ]
J

CS&
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Implicit Encoding - Finetuning

printf ( ) printf ( ) i
gets ( username ) i gets ( username ) i
if ( gets( username ) ) o >, W if ( gsts(
allow = 1 ; — )# — allow = 1 ;
} -« }
if (allew 1= 0 ) { » if (allow |
privilegedAction () ; . privilegedAction () ;
; Noise !
Correct Code Ini Noisy Code
njector

* A 4

Decoder ]4—[ Encoder ]

Input (e.g. Code

before edit, Context, Output (e.g. Code

etc.)

after edit

Finetuning

CSiz
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Noise Injectors & Dual Channel Hypothesis for Source Code [19]

CSw
eCU

printf (

gets ( username ) ;

if ( gets( username )
allow = 1 ;

}

if ( allow != 0 ) {

privilegedAction ( ) ;

}
Correct Code

)

) i

{

PS ’ —_—

y

Noise Injector

printf ( ) ;
gets ( username ) ;
if ( gets(
allow = 1 ;
}
if ( allow {
privilegedAction ( ) ;
} Noisy Code
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Noise Injectors & Dual Channel Hypothesis for Source Code [19]
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printf (

gets ( username ) ;

if ( gets( username )
allow = 1 ;

}

if ( allow != 0 ) {

privilegedAction ( ) ;

}
Correct Code

)

) i

{

—l —l

Noise Injec

printf ( )

gets ( username ) ;

if ( gets(
allow = 1 ;

}

if ( allow {
privilegedAction ( ) ;

} Noisy Code
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Noise Injectors & Dual Channel Hypothesis for Source Code [19]
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printf (
gets ( username ) ;
if ( gets( username )

allow = 1 ;
}
if ( allow != 0 ) {

privilegedAction ( ) ;

}
Correct Code

1 #include
2 int main () {

0 ~do e Ww

11
12
13

14 ]

char username[8];

int allow = 0;

printf ( )i

gets (username) ;

if (grantAccess(username))
allow = 1;

1

if (allow != 0) {
privilegedAction () ;

1

return 0;

Natural Channel [19, 20]

)

{

)

{

’

—l —l

Noise Injec

printf (
gets ( username ) ;
if ( gets(

allow = 1 ;

}

if ( allow {

}

privilegedAction

Noisy Code

(

)

’
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printf (
gets ( username ) ;
if ( gets( username )

allow = 1 ;
}
if ( allow !'= 0 ) {
privilegedAction (
}
Correct Code

1 #include
2 int main () {

3 char username[8];
4 int allow = 0;
5 printf ( )i
6 gets (username) ;
7 if (grantAccess(username)
8 allow = 1;
9 1
10 if (allow != 0) {
11 privilegedAction () ;
12 }
13 return 0;
14 }

Natural Channel [19, 20]

) i
) |

—l —l

b Noise Injec

Noise Injectors & Dual Channel Hypothesis for Source Code [19]

printf ( )
gets ( username ) ;
if ( gets(

allow = 1 ;

}
if ( allow {
privilegedAction ( ) ;
}
Noisy Code

=

Formal Channel
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Noise Injectors & Dual Channel Hypothesis for Source Code [19]

printf ( ) ; printf ( )y ;
gets ( username ) ; gets ( username ) ;
if ( gets( username ) ) { if ( gets(
allow = 1 ; N — allow = 1 ;
} }
if ( allow != 0 ) { if ( allow {
privilegedAction ( ) ; Noise ”ﬂeC privilegedAction ( ) ;
} }
Correct Code Noisy Code
1 #include

2 int main () {

char username([8];
int allow 0;
printf ( )i
gets (username) ;
if (grantAccess (username)) | \ [19] Casalanuovo et. al. 2020
: } allow = 1; [20] Karampatsis et. al. 2020
10 if (allow != 0) {

0 ~do e Ww

11 privilegedAction () ;
12 }

13 return 0;

14 }

Natural Channel [19, 20] Formal Channel
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Natural Channel Mutation

Code
Modeling

Implicit
Encoding

Natural Channel

Mutation
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printf ( ) i
gets ( username ) ;
if ( gets( username ) ) {

allow = 1 ;
}
if ( allow != 0 ) {
privilegedRction ( ) ;

ki

""A-
' g
printf [MASK] ) ;
gets ( username ) ; Mutator
if ( [MASK]( username ) ) {
allow = 1;

}
if ( allow !'= 0 ) [MASK]

privilegedRction ( [MASK]
}

H
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Unified Pre-
training for
Program

Understanding
and Generation
(PLBART)

NAACL - 2021

Findings

PL properties can be learned
from large scale source- code
dataset.

Contribution

Developed large scale pre-
trained models for different SE
tasks.
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PLBART — What Is It?

fir% =—C\ nuilq ,/\ </s>
2 t ) 4 t t

[ Encoder Decoder
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PLBART — What Is It?

fir% =—C\ nuilq ,/\ </s>
2 t ) 4 t t

Encoder Decoder

[_{1;. LT T TR LU

« Transformer Based Models
» 6 Encoder Layer, 6 Decoder Layer
12 attention heads

223



PLBART — Components
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PLBART — Components

1. Read Code.
Encoder } 2. Understands Code. |
3. Reason about any errors in code.
<l> -jf I filst I 4. Learns robust representation
CS@ 225
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PLBART — Components

1. Read Code.
Encoder } 2. Understands Code. |
3. Reason about any errors in code.
<l> -jf I filt I 4. Learns robust representation

firq =£\ nuIIG.\ q </s>
3 £l 4 t ]l 4

Decoder 1. Generate Code.
{:I} fils': =T= nuTll \_,T Learns COdlng Patterns

N
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PLBART - Pretraining

printf ( )

; printf ( ) g
gets ( username ) ; gets ( username ) ;
if ( gets( username ) ) { if ( gets(
} allow = 1 ; ; r — } allow = 1 ;
if ( allow !'= 0 ) { ) if ( allow |
privilegedRetion () ; NoSeImecKH privilegedRection () ;
} }
Correct Code Noisy Code

A

Decoder Encoder

—
)

PLBART
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printf (
gets ( username ) ;
if ( gets( username ) )

allow = 1 ;
}
if ( allow !'= 0 ) {
privilegedRetion ( )
}
Correct Code

1

’

PLBART - Pretraining

Decoder

) ’I —)
y J}

Noise Injector

printf ( )
gets ( username ) ;
if ( gets(
allow = 1 ;

}
if ( allow {

privilegedRction ( )
}

r

Noisy Code

3

A

—

Token Masking

Encoder

PLBART

Token Deletion

Token Infilling
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PLBART - Jointly Learning to Understand and Generate
Token Masking

printf [MASK] ) i

gets ( username ) ;

if ( [MASK] ( username ) ) {
allow = 1;

}

if ( allow != 0 ) [MASK]

privilegedAction ( [MASK] ;
}
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PLBART — Jointly Learning to Understand and Generate
Token Masking

printf [MASK] )

gets ( username ) ;
if ( [MASK]( username ) ) {
allow = 1;

}
if ( allow != 0 ) [MASK]
privilegedAction ( [MASK] ;

}
CSaz

e@CU 0
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PLBART — Jointly Learning to Understand and Generate
Token Masking

printf [MASK] )

; printf ( )
gets ( username ) ; gets ( username ) ;
if ( [MASK]( username ) ) { if ( gets( username ) ) {
allow = 1; allow = 1;

}
if ( allow != 0 ) [MASK]
privilegedAction ( [MASK] ;

L

}
if ( allow != 0 ) {
} privilegedAction ( )

r

PLBART

CS
@CU
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PLBART - Jointly Learning to Understand and Generate

Token Deletion

printf ( )

gets () ;

if ( gets( username ) ) {
allow = 1

if ( allow =0 ) {
privilegedAction ( ) ;

}

CSw
eCU
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PLBART — Jointly Learning to Understand and Generate

Token Deletion

printf ( )

gets () 7

if ( gets( username ) ) {
allow = 1

if ( allow = 0 ) {

privilegedAction ( ) ;
}

PLBART
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PLBART — Jointly Learning to Understand and Generate

Token Deletion

printf ( ) g
printf ( ) g gets ( username ) ;
gets () 7 if ( gets( username ) ) {
if ( gets( username ) ) { allow = 1
allow = 1 }

if ( allow '= 0 ) {

if ( allow = 0 ) { privilegedAction ( ) ;

privilegedAction ( ) ;
}

PLBART
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PLBART - Jointly Learning to Understand and Generate
Token Infilling

printf ( ) ;
gets ( username ) ;
if ( gets(
allow = 1 ;
}
if ( allow {
privilegedAction ( ) ;

}

css



PLBART — Jointly Learning to Understand and Generate
Token Infilling

printf ( ) i
gets ( username ) ;
if ( gets(
allow = 1 ;
}
if ( allow {
privilegedAction ( ) ;

}
CSw

e@CU 2%
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PLBART — Jointly Learning to Understand and Generate
Token Infilling

printf ( )
printf ( ) ; gets ( username ) ;
gets ( username ) ; if ( gets( username ) ) {
if ( gets( allow = 1 ;
allow = 1 ; }
} if ( allow '= 0 ) {
if ( allow { privilegedAction ( ) ;

privilegedAction (

}

PLBART
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PLBART - Pretraining

e Noise Properties

o  Mutate Natural Channel
o Likely to Break Syntax

printf ( ) g

gets () ;

if ( gets( username ) ) {
allow = 1

if ( allow = 0 ) {
privilegedAction ( ) ;

}
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PLBART - Pretraining

e Noise Properties e Training Objectives
o Mutate Natural Channel o  Generate the whole code.
o  Likely to Break Syntax o Learns syntax implicitly
o Learn Coding Patterns.
printf ( ) g
gets () ; e Multi-lingual Training
if ( gets( username ) ) { o Java
allow = 1
G o Python
if ( allow = 0 ) I o NL from Stack overflow
privilegedAction ( ) ;

}
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PLBART - Pretraining

e Noise Properties e Training Objectives
o Mutate Natural Channel o  Generate the whole code.
o  Likely to Break Syntax o Learns syntax implicitly
o Learn Coding Patterns.
printf ( ) g
gets () ; e Multi-lingual Training
if ( gets( username ) ) { o Java
allow = 1
G o Python
if ( allow = 0 ) I o NL from Stack overflow
privilegedAction ( ) ;

}
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Downstream Tasks

Task Dataset Language Train | Valid Test
Ruby 24,927 1,400 1,261
Javascript 58,025 3,885 3,291
.. . Go 167,288 | 7,325 8,122
Summarizaion | Husain et al. (2019) Python 251.820 | 13.914 14918
Java 164,923 | 5,183 10,955
PHP 241,241 | 12,982 14,014
Generation Iyer et al. (2018) NL to Java | 100,000 2,000 2,000
Java to C# 10,300 500 1,000
et Code-Code (Luetal, 2021 1 o o Java | 10300 | 500 | 1,000
Program Repair Javag,,a 46,680 | 5,835 5,835
(Tufano et al., 2019) Javaedium | 52,364 | 6,545 6,545
Vulnerability Detection C/Ci+ 21854 | 2732 2.732
. . (Zhou et al., 2019)

Classification Clone Detection

Java 100,000 | 10,000 | 415,416

(Wang et al., 2020)
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Downstream Tasks

Task Dataset Language Train | Valid Test
Ruby 24,927 1,400 1,261
Javascript 58,025 3,885 3,291
- . Go 167,288 | 7,325 8,122
Summarizaion | Husain et al. (2019) Python 251.820 | 13.914 14918
Java 164,923 | 5,183 10,955
PHP 241,241 | 12,982 14,014
Generation Iyer et al. (2018) NL to Java | 100,000 2,000 2,000
Java to C# 10,300 500 1,000
et Code-Code (Luetal, 2021 1 o o Java | 10300 | 500 | 1,000
Program Repair Javag,,qi 46,680 | 5,835 5,835
(Tufano et al., 2019) Javaedium | 52,364 | 6,545 6,545
Vulnerability Detection C/Ci+ 21854 | 2732 2.732
. . (Zhou et al., 2019)

Classification Clone Detection

Java 100,000 | 10,000 | 415,416

(Wang et al., 2020)
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Code Editing (Program Repair) Result

|

Dataset: Bugfix dataset, Tufano et. al. 2019 [77] — Abstract Edit
Metric: EM (exact match) in Top-1 position

Small - Upto 50 Tokens
Medium - 51-100 tokens

Small |Medim
Methods EM EM
Naive Copy 0 0
Seq2Seq 10.00 | 2.50
Transformer 14.70 | 3.70
CodeBERT 16.40 | 5.16
GraphCodeBERT | 17.30 | 9.10
PLBART 19.21 | 8.98
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if (

- newJson.charAt (1) !'= wrappingQuote
+ !jsonObject.isEmpty () &&
+ (newJdson.charAt (1) !'= wrappingQuote)

css



// Guidance: fix problem which occurred when
// the resulting json is empty ...

if (
= newJson.charAt (1) != wrappingQuote
+ !jsonObject.isEmpty () &&
+ (newdson.charAt (1) !'= wrappingQuote)

0]

Developers Guidance

<
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// Guidance: fix problem which occurred when
// the resulting json is empty

private String generateResultingJdsonString (
char wrappingQuote, Map<String, Object>jsonMap) {
JsonObject jsonObject = new JSONObject (jsonMap) ;
String newJson = jsonObject.toJSONString (LT COMPRESS) ;

if (
= newJson.charAt (1) != wrappingQuote
+ !jsonObject.isEmpty () &&
+ (newdson.charAt (1) !'= wrappingQuote)

) {
return replaceUnescaped (
newJson, newdJson.charAt(l), grappingQuote);

}

return newdJson;

(0] (0]

Developers Guidance

[ Context
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// Guidance: fix problem which occurred when
// the resulting json is|empty

private String generateResultingJdsonString (

char wrappingQuote, Map<String, Object>jsonMap) {
JsonObject [jsonObject|= new JSONObject (jsonMap) ;
String newJson = jsonObject.toJSONString (LT COMPRESS) ;

if (
= newJson.charAt (1) != wrappingQuote
+ [ 'jsonObject.isEmpty () && |
+ (newdson.charAt (1) !'= wrappingQuote)

) {

return replaceUnescaped (

newJson, newdJson.charAt(l), grappingQuote);

}

return newdJson;

0]

Developers Guidance

[ Context
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Findings

Developer Guidance and

MobDIT : Multi- Context of Edit are very
MO dal Learn i ng O f Eillﬂ?;’;ant for Automated Code
Editing Source Contribution
Code information modlitiest
_ ASE 2021 Automate Code editing, and

identification of best way of
processing such modalities.




| Input Modalities

Mcdality 1: Code to be edited

heston.charAt{l) = wrappingQuote }

Modality 2: Guidance

when the resulting json is empty

fix problem which occurred }J
b

Modality 3: Context

private String ... (char
Map<String, Object>jsonMap) {

CSw
eCU

MODIT : Multi Modal Code Editing (pipeline)
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MODIT : Multi Modal Code Editing (pipeline)

Input Modalities Pre-processing
Modality 1: Code to be edited i Consolidated Multi-meodal Input
heston.charAt(l] = wrappingQuote }L—é—ﬁ '

; newJson... <s> fix problem
Modality 2: Guidance : ... <8> private String

fix problem which occurred
when the resulting json is empty
L.

Tockenization

Modality 3: Context

-

private String ... (char ... [ <8> new Json ... <s> fix |;
Map<String, Cbject>jsonMap) { _problem ... <s> _private
_String ... _}

I_________
I
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MODIT : Multi Modal Code Editing (pipeline)

Pre-processing

Input Modalities

Modality 1: Code to be edited Consolidated Multi-modal Input

heston.charAt(l} I= wrappingQuote }_—hﬁ
; newJson... <s> fix problem
Modality 2: Guidance : ... <8> private String ...
s : }
fix problem which occurred ] f‘fx
when the resulting json is empty J 5'\{
\_ ' \ . T T T T T e T )
; Tokenization Encoder-Decoder Model|
Modality 3: Context ; :
private string ... (char ... H <8> new Json ... <s> Tfix [
Map<String, Object>jsonMap) { ; _problem ... <s> private
e e . : _String ... _} !
} f 1 PLBART
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MODIT : Multi Modal Code Editing (pipeline)

Input Modalities

Pre-processing

Modality 1: Code to be edited

Consolidated Multi-modal Input

CSslz
eCU

heston.charAt(l} I= wrappingQuote }——kﬁ
newJson... <s> fix problem
Modality 2: Guidance ... <8> private String ...
( }
fix problem which occurred ] -f&
when the resulting json is empty J i'\{
s Tokenization
Modality 3: Context
private sString ... (char ... <8> new Json ... <s> Tfix
Map<String, Object>jsonMap) { : J _problem ... <s> private
e e e _String ... _}
}
\

=

Encoder-Decoder Model! Output Generation

"
'
"
'
I
I
'
Il
"
"
I
"
I
'
I
'
I
I
"
I
I
I
I
I
"
I
"
"
L

PLBART [[ER

Post-processing

Top Candidate Code i

! jsom

) Ebject . 1s Empty

</

s>

json.isEmpty () && ( newJson.charAt (1)

wrappingfuote )

d' Edited Code




MODIT
Evaluation
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Experiments

Dataset (Tufano et. al. ICSE 2019 [7]) — Concrete Edits

Dataset Avg. Avg. Avg. tokens # examples
Tokens | Change Size* | in Guidance | Train | Valid | Test

B2F 32.27 7.39 11.55 46628 | 5828 | 5831

B2F,, 74.65 8.83 11.48 53324 | 6542 | 6538

CSw
eCU

* Change size measured as token edit distance.
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MODIT : Result

Training Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,
- LSTM 82.89 v 6.14 1.04
§ Transformer-base 139.22 11.18 6.61
U; Transformer-large 406.03 v 13.40 8.63
2 CopIT 105.43 X 6.53 4.79

X 24.28 16.76

CodeBERT 172.50 v 26.05 17.13

X 24.44 16.85

E GraphCodeBERT 172.50 Y 25.67 1831
2 X 28.13 16.35
.LLE CodeGPT 124.44 % 28.43 1764
X 26.67 19.79

MobIT (PLBART) 139.22 % 29.99 23.02
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Interesting Code Generated by PLBART
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Interesting Code Generated by PLBART

PLBART generated

public int getCells () {
Iterator<Character> 1 =
cells.keySet () .iterator();
int size = 0;
for ( ; i.hasNext() ; ) {
Cell e = at(c);

}

return size;

css
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Interesting Code Generated by PLBART

PLBART generated

public int getCells () {

Iterator<Character> i =
cells.keySet () .iterator();

int size = 0;

for ( ; i.hasNext() ; ) {
Cell e = at(c);

}

return size;

Better Code

public int getCells () {

Iterator<Character> 1 =
cells.keySet () .iterator();

int size = 0;

while (i.hasNext()) {
Cell e = at(c);

}

return size;
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Interesting Code Generated by PLBART

PLBART generated

public int getCells () {
Iterator<Character> i =
cells.keySet () .iterator();
int size = 0;
for (J i.hasNext() ;[ |
Cell e = at(c);

}

return size;

CSw
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Better Code

public int getCells () {
Iterator<Character> 1 =
cells.keySet () .iterator();
int size = 0;
while (i.hasNext()) {
Cell e = at(c);

}

return size;
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Interesting Code Generated by PLBART

PLBART generated Better Code

public int getCells () {
Iterator<Character> 1 =
cells.keySet () .iterator();
int size = 0;
lwhile (i.hasNext()) |4
Cell e = at(c);

public int getCells () {
Iterator<Character> i =
cells.keySet () .iterator();
int size = 0;
for (J i.hasNext() ;[ |
Cell e = at(c);

}

} .
. return size;
return size; |

CSw
eCU
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Formal Channel Mutation

Code
Modeling

Implicit
Encoding

Formal Channel

Mutation

CSslz
eCU

public int getCells () {

public int getCells () {

Iterator<Character> i =
cells.keySet () .iterator();

int size = 0;

for ( ; i.hasNext() ; ) {
Cell e = at(c);

}

return size;

Y ~
~

' #

Mutator

~

Iterator<Character> i
cells.keySet () .iterator();
int size = 0;
while (i.hasNext ()) {
Cell e = at(c);

}

return size;
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Findings

Forcing a model to edit
unnatural code to re-write in a

NatGen . Generative more natural way embeds

developers’ natural way of

Pretraining by writing code into the model.
“N atur ali Zin g’ ? Contribution

Designed a large-scale pretrained
S ource CO de model which learned natural
coding patterns from developers,
- FSE 2022 with demonstrated higher
performance in few shot code
generation.




NatGen: Generative pre-training by “Naturalizing” source
code

public int getCells () {
Tterator<Character> i =
cells.keySet () .iterator();
int size = 0;
while (i.hasNext ()) {
Cell e = at(c);

public int getCells () {
Iterator<Character> i =
cells.keySet () .iterator();
int size = 0;

for ( ; i.hasNext() ; ) { »
Cell e = at(c);

}

return size;

}

return size;

Write Semantic / Functional Equivalent Code in “More Natural” way

CSslz
eCU
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NatGen: Generative pre-training by “Naturalizing” source
code

Matural Code
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eCU



NatGen: Generative pre-training by “Naturalizing” source
code

AST
Extraction

Matural Code
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NatGen: Generative pre-training by “Naturalizing” source
code

AST Locating . .
Extraction Transformation

sites
2.

1 ':';.' oy Random ’_ 3
e Filter applicable L "-’ Selection e
Transformation transformation Applica.i:lle
Pool Transformations
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NatGen: Generative pre-training by “Naturalizing” source
code

AST Locatin

Transformation

De-Naturalizing
Transformation

N
Filter applicable
transformation

Applicable
Transformations
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NatGen: Generative pre-training by “Naturalizing” source
code

AST Locating . .
Extraction Transformation

sites
2.

De-Naturalizing b 75 ] Rendom . Pk,
Transformation hersppicane  LTRGH] e [

Applicable

Transformations
Transformation
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NatGen: Generative pre-training by “Naturalizing” source
code

AST Locatin
Extraction Transformation
sites

De-Naturalizing
Transformation

Random
Selection

N
Filter applicable
transformation

Applicable

Transformations Apply
Transformation

Code Context
Regeneration Adaptation
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NatGen: De-Naturalizing Transformations
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NatGen: De-Naturalizing Transformations

public int getCells () {

Iterator<Character> i
cells.keySet () .iterator();

int size = 0;
while(size > 0) {

Cell e = at(size);

}
while (i.hasNext ())
Cell 2 = at(c);

}

return size;

Dead Code Insertion
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NatGen: De-Naturalizing Transformations

public int getCells () {

if (x > 0) {

Iterator<Character> i = - Cell e = at(x);
cells.keySet () .iterator(); =
int size = 0; - else {
while(size > 0) { - Cell ¢ = at(x+1);
Cell e = at(size); =
} + Cell ¢ = (x > 0)? at(x) : at(x+1l):;
while (i.hasNext ()) { Confusing Statements [17]
Cell 2 = at(c);
}
return size;
1
Dead Code Insertion
CS@ [21] Gopstein et. al. 2020
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NatGen: De-Naturalizing Transformations

public int getCells () {

if (x > 0) {

Iterator<Character> i = - Cell e = at(x);
cells.keySet () .iterator(); =
int size = 0; - else {
while(size > 0) { - Cell ¢ = at(x+1);
Cell e = at(size); =
} + Cell ¢ = (x > 0)? at(x) : at(x+1l):;
while (i.hasNext ()) { Confusing Statements [17]
Cell 2 = at(c);
/ - if ( > 0 ]) {
return size; ] =
} + if (0 < x|) {
Dead Code Insertion Cell e = at(x);

Operand Swap

CS@ [21] Gopstein et. al. 2020
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NatGen: Generative pre-training by “Naturalizing” source
code

Decoder | =)

Un-Natural Code NatGen - Pretraining Natural Code
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NatGen: Generative pre-training by “Naturalizing” source
code

=) | Encoder

Un-Natural Code NatGen - Pretraining Natural Code

Modality 1l: Code to be edited N
.

%eston.charAt(l) != wrappingQuote

Modality 2: Context

private String ... (char
Map<String, Object>jsonMap) {...}

! json.isEmpty() && ( newJson.charAt(l) !=
wrappingQuote )

J Edited Code

Modality 3: Guidance

when the resulting json is empty

Fix problem which occurred

- NatGen — FineTuning for code Editing
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NatGen
Evaluation
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NatGen: Automated Code Editing Result

Approach BugFixsmall BugFixmedium
Unimodal | Multimodal | Unimodal | Multimodal
MODIT 20.35 21.57 8.35 13.18
CodeT5 21.79 2297 12.59 14.94
NATGEN 22.26 23.43 13.32 14.93

BugFix dataset proposed by Tufano et al. (ICSE 2019) [7]

Exact Match accuracy (%) at Top 1 generated edit.
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NatGen: Automated Code Editing Result

I NatGen  [EEE CodeT5 I NatGen [ CodeT5

1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0.0 — 0.0

Syntax Match Dataflow Match CodeBLEU Syntax Match Dataflow Match CodeBLEU

Zero-Shot Few-shot (200 training examples)
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NatGen: Automated Code Editing Result

- = NatGen —  CodeT5
------- —— _C45 = — _—_-—-—._-———-_
N @) Sm—_-———o 60
=260 e ~< 5
= = 40 5
w 40 = ‘8 40
© O o
= ® 35 5
A 8 20
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500

v

Number of Training Examples
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Explicit Encoding — Take Aways

Code
Modeling

. o Little overhead
| ' | « Unsupervised Pros

Implicit  Transferable
Encoding
Natural Channel
Mutation

|
 No Guarantee

« Potential Bias from
Mutation

« Pretraining needs massive

resource

Formal Channel
Mutation
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Dissertation Summary

return super.equals (object)—=> {PMa#*@ —> return this == object

[ Code Before Edit ] [ Code After Edit J
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Dissertation Summary

return super.equals (object)=) K& I“W —> return this == object

[ Code Before Edit ‘

4

[ Encoder

‘, Code After Edit J

1

—> Decoder ]

~—
y
—\

CS&
eCU 283



Dissertation Summary

return super.equals (object) = ¥ ‘-"‘ pp — > return this == object

[ Code Before Edit ]

4

[ Encoder

[ Code After Edit J

—
y
—

Code Modeling

Explicit Implicit
l Encoding Encoding
Natural Channel
Encoding

Formal Channel
Mutation
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Dissertation Summary

return super.equals (object) = ¥ 23 —> return this == object EXplICIt
[ Code Before Edit ] [ Code After Edit J EnC0d|ng
[ Encoder } =[ Decoder ]

Code Modeling

Explicit Implicit
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Natural Channel
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Dissertation Summary

return super.equals (object) = ¥ 23 —> return this == object EXplICIt
[ Code Before Edit ] [ Code After Edit J EnCOd|ng
[ Encoder } =[ Decoder ]

Code Modeling

——— Implicit
Explicit Implicit .
— Encoding
Natural Channel
Encoding

Formal Channel
Mutation

Semantics Large Data Corpus
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My Research Applications

Programming Language Processing

Code Summarization
NeuralCodeSum (ACL’20), PLBART (NAACL’21)
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My Research Applications

Programming Language Processing

Code Summarization
NeuralCodeSum (ACL’20), PLBART (NAACL’21)

E” Vulnerability Detection
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My Research Applications

Programming Language Processing

:=] Code Summarization
=—1 NeuralCodeSum (ACL’20), PLBART (NAACL'21)

;:;i Vulnerability Detection

ReVeal(TSE’21), BOOST(ACL22)

Code Editing

CODIT (TSE’20), MODIT(ASE’21), DiffBERT
(Facebook), NatGen(FSE’22)
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My Research Applications

Programming Language Processing

:=] Code Summarization
=—1 NeuralCodeSum (ACL’20), PLBART (NAACL'21)

‘: Vulnerability Detection

ReVeal(TSE’21), BOOST(ACL22)

Code Editing

CODIT (TSE’20), MODIT(ASE’21), DiffBERT
(Facebook), NatGen(FSE’22)

Code Generation

=——— PLBART (NAACL’21), DataTypeLM ForCode (ACL’18)
NatGen (FSE’22)
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My Research Applications

Programming Language Processing

Code Summarization
NeuralCodeSum (ACL’20), PLBART (NAACL’21)

Vulnerability Detection
ReVeal(TSE'21), BOOST(ACL’22)

Code Editing

CODIT (TSE’20), MODIT(ASE’21), DiffBERT
(Facebook), NatGen(FSE’22)

Code Generation

PLBART (NAACL'21), DataTypeLM ForCode (ACL’18)
NatGen (FSE’22)

Code Search and Synthesis

RedCoder (EMNLP’21), CodePanda (W.1.P)

-
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Future Plan (Short Term Goal)

» API driven Program Synthesis
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Future Plan (Short Term Goal)

» API driven Program Synthesis

O —E—@

APIs Sketch

-

{
| @:} ] » Improving Semantic Code Search with RL

Synthesize
r {

l

172
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Future Plan (Short Term Goal)

> Learning Code Syntax and Semantics
with Reinforcement Learning (RL)

goxd foo (Scanner sc) {
String s = "";
while (sc.hasNext () HGOSeil) {
s += sc.nextInt ()’

}

return s;
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Future Plan (Short Term Goal)

> Learning Code Syntax and Semantics
with Reinforcement Learning (RL)
B8 roo (Scanner sc) {
String s = "";

while (sc.hasNext ()-) {

5 += sc.nextInt (),

) > Representing Code Context as
return s; Dynamic Graph

g Project T — -
— Ppackage 1 2
roject 1
&>
=F . —_ -
_oSF May
A - q

}

Ckage = 3
Other
CS Project 2

eCU
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Future Plan (Long Term Goal)
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Future Plan (Long Term Goal)

» Code Generation

—

Formal Analysis Probabilistic models
\/ Guarantee for the Analysis \/ Scalable and Transferrable
x Noise Intolerant x No theoretical Guarantee
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Future Plan (Long Term Goal)

» Code Generation

Formal Analysis Probabilistic models
\/ Guarantee for the Analysis \/ Scalable and Transferrable
x Noise Intolerant X No theoretical Guarantee

» Developer Feedback Oriented Automation
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Future Plan (Long Term Goal)

» Code Generation

< — — ——

Formal Analysis Probabilistic models
\/ Guarantee for the Analysis \/ Scalable and Transferrable
x Noise Intolerant x No theoretical Guarantee

» Developer Feedback Oriented Automation
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CODIT Step 1 : Tree Translation

[ Return ] [ Stmt

Senitoton

0_Ref| [DOT| |Method| |Param| (RB|

Var Var Var
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CODIT Step 1 : Tree Translation

return super.equals (object);

Ret Stmt

Return

stmt |
SemiColon

0_Ref| [DOT| (Method| [LB| (Param| RB|

Retistmt————v Return Stmt

super| [ . | [equals) [(] [var | [ |
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CODIT Step 1 : Tree Translation

return super.equals (object);

Ret Stmt

SemiColon

T

O Ref DOT Method LB

super| [ . | [equals) [(] [var | [ |
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Retistmt————v Return Stmt

Call SemiColon
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CODIT Step 1 : Tree Translation

return super.equals (object);

Ret Stmt

Retistmt————> Return Stmt

Stmt — Call SemiColon

O Ref DOT Method LB Param RB

[Method] [LBJ [Param]

super| [ . | [equais) (] [var | [ ]
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CODIT Step 1 : Tree Translation

return super.equals (object);

Ret Stmt

Ret Stmt——— Return Stmt

Stmt — Call SemiColon
Call —— O Ref DOT Method LB Param RB

Param —— Var
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CODIT Step 1 : Tree Translation

Rules sequence of
Syntax Tree before edit

.

Sstmt

Call

Param

(Ret Stmt—

EE——

Return Stmt

Call Semicolon

O Ref DOT Method
LB Param RB

Var

CSw
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Syntax Tree after edit

{ Rules sequence of 1

Ret Stmt———> Return Stmt

Stmt —— Bool St Semicolon

Bool St —— LHS EQ RHS

LHS —> VAR

RHS —> VAR

.

314



CODIT Step 1: Tree Translation

(Ret_Stmt |

N

[ Return ] [ Stmt ]

Ret_Stmt

Return Stmt
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CODIT Step 1 : Tree Translation

(Ret_Stmt |

/ \
[ Return ] [ Stmt ]
Ret Stmt——— Return Stmt / \
Stmt —— Bool St Semicolon [ Bool St ] [SemiColon]
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CODIT Step 1 : Tree Translation

(Ret_Stmt |
/ \
[ Return ] [ Stmt ]
Ret Stmt——— Return Stmt / \
Stmt —— Bool St Semicolon [BOOl_St ] {SemiColon]
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CODIT Step 1 : Tree Translation

/ \
[ Return ] [ Stmt ]
Ret Stmt——— Return Stmt / \
Stmt — Bool St Semicolon [ Bool St ] {SemiCOlon]
BOOl_St —— LHS EQ RHS \
LHS ———» VAR LHS [EQ) | RHS |
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CODIT Step 1 : Tree Translation

(Ret_Stmt |
/ \
[ Return ] [ Stmt ]
Ret Stmt——— Return Stmt / \
Stmt —— Bool St Semicolon [ Bool St ] {SemiColon]

RHS —> VAR

Bool St —— LHS EQ RHS 5 - \
LHS ——— VAR LHS [EQ] [ mus |

h J

[var | [veR |
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ReVeal: Program
Understanding
through Explicit

Program
Encoding

TSE - 2021

Findings

Graph-based models are better
equipped to understand
semantic relationships between
code components

Contribution

Designed Code Understanding
Framework using Graph-Based
Models.
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding

40 &= 60 — =
® ° T s
2 iy % 40/ [+
— T ? i
L 20 T
| Token || Graph | | Token || Graph |
Based Based Based Based
[15] [15]
Chromium & Debian FFMpeg & Qemu
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ReVeal : Explicit Encoding for Program Understanding
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ReVeal : Explicit Encoding for Program Understanding
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Explicit Encoding PL knowledge into model
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PLBART Results

Code Summarization

Methods Ruby Javascript Go  Python Java PHP | Overall
Seq2Seq 9.64 10.21 13.98 1593 1509 21.08 | 14.32
Transformer | 11.18 11.59 16.38 1581 1626 22.12 | 15.56
RoBERTa 11.17 11.90 17.72 18.14 1647 24.02 | 16.57
CodeBERT | 12.16 14.90 18.07 19.06 17.65 25.16 | 17.83
PLBART 14.11 15.56 1891 1930 18.45 23.58 | 18.32
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PLBART Results

Code Generation from Natural Language

Methods EM BLEU CodeBLEU
Seq2Seq 3.05 21.31 26.39
Guoet al. (2019) | 10.05 24.40 29.46
Iyer et al. (2019) 12.20  26.60 -
GPT-2 17.35 25.37 29.69
CodeGPT-2 18.25 28.69 32.71
CodeGPT-adapted | 20.10 32.79 35.98
PLBART 18.75 36.69 38.52
PLBART;x 17.25 31.40 33.32
PLBART 18.45 34.00 35.75
PLBART 5« 17.70  35.02 37.11
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PLBART Results

Code Translation

Methods Java to C# C# to Java
BLEU EM CodeBLEU | BLEU EM CodeBLEU

Naive Copy 18.54 0 34.20 18.69 0 43.04
PBSMT 43,53 1250 42,71 40.06 16.10 4348
Transformer 55.84 33.00 63.74 5047 37.90 61.59
RoBERTa (code) | 77.46 56.10 83.07 71.99 57.90 80.18
CodeBERT 79.92  59.00 85.10 72.14  58.80 79.41
GraphCodeBERT | 80.58 59.40 - 72.64 58.80 -
PLBART 83.02 64.60 87.92 78.35 65.00 85.27
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PLBART Results

e Code Classification - % Accuracy for Vulnerability, F1 score for Clone

Detection.
Tasks Vulneral?ility Clon.e
Detection Detection
Transformer 61.64 -
CodeBERT 62.08 96.5
GraphCodeBERT - 97.1
PLBART 63.18 97.2
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[ Code Translation Example J

Generated Code : Java
public int getCells () {
Iterator<Character> i =

Input Code : C#

1

1 public int GetCells () { :

IR SR RNty 3 cells.keySet () siterator () ;
2 int size = 0; : '
- ; o en _ e x g 4 int size = 0;
oreach (char c in cells.Keys 5 for (; i.hasNext();) {

4 Cell e = At (c); ]

. oy 3 v I G 5= (G 6 Character c = i.next();

: 5 & ?.CT+- = e.cre - 7 Cell e = at(c);

: } sizet+; 8 if (e.cmd >= 0 || e.ref >= 0) {
9 size+t+;

8 }

. 10 }
9 return size; 11 }
10 } 12 return size;

13 }
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[ Code Translation Example J

Generated Code : Java
public int getCells () {
Iterator<Character> i =

Input Code : C#

1
1 publi int GetCell { -
public int GetCe s () 3 cells.keySet () .iterator();
2 int size = 0; ; '
: 4 int size = 0;
3 foreach (char c¢c in cells.Keys) { 5 for (; i.hasNext ();) |
g ?ili e =dA§£Cé;II Gl = 6 [ Character ¢ = i.next();]
: 5 & ?.CT+- = e.cre - 7 Cell e = at(c);
: } sizet+; 8 if (e.cmd >= 0 || e.ref >= 0) {
9 size+t+;
8 }
. 10 }
9 return size; 11 }
10 } 12 return size;

13 }

336



[ Code Translation Example J

Generated Code : Java
public int getCells () {
Iterator<Character> i =

Input Code : C#

1
1 public int GetCells () { :
IR SR RNty 3 cells.keySet () siterator () ;
2 int size = 0; : '
: 4 int size = 0;
3 foreach (char c in cells.Keys) { 5 for (; i.hasNext ();) { )
g ?:li e =dAE£Cé;II o WP 6 [ Character ¢ = i.next(); |
: 5 & ?.CT+- = e.lkre - 7 Cell e = at(c);
: } sizet+; 8 if (e.cmd >= 0 || €l.ref|>= 0) {
9 size+t+;
8 }
. 10 }
9 return size; 11 }
10 } 12 return size;

13 }
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[ Code Translation Example J

Generated Code : Java
public int |getCells|() {
Iterator<Character> i =

Input Code : C#

1
1 public int |[GetCells|() { :
el e 3 cells.keySet () siterator () ;
2 int size = 0; : '
: 4 int size = 0;
3 foreach (char c in cells.Keys) { 5 for (; i.hasNext ();) { )
g ?:li e =dAE£Cé;II o WP 6 [ Character ¢ = i.next(); |
: 5 & ?.CT+- = e.lkre - 7 Cell e = at(c);
: } sizet+; 8 if (e.cmd >= 0 || €l.ref|>= 0) {
9 size+t+;
8 }
. 10 }
9 return size; 11 }
10 } 12 return size;

13 }
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public void addPicture (String picture) {
if ((pictures) == null) {
- pictures = new ArraylList<>();

}
pictures.add(picture);
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public wvoid addPicture (String picture) {
if ((pictures) == null) {

- pictures = new ArrayList<>();

}
pictures.add(picture);
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public void addPicture (String picture) {
if ((pictures) == null) {
PPN - pictures = new ArraylList<>();

}
pictures.add(picture);

public void addPicture (String picture) {

if ((pictures) == null) {
- pictures = new ArrayList<>();
+ pictures = new HashSet<>();

}
pictures.add (picture);
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public void addPicture (String picture) {
if ((pictures) == null) {
PPN - pictures = new ArraylList<>();

}

pictures.add(picture);

public void addPicture (String picture) { public void addPicture (String picture) {
if ((pictures) == null) { if ((pictures) == null) {

- pictures = new ArrayList<>(); - pictures = new ArrayList<>();

+ pictures = new HashSet<>(); + pictures = new LinkedList<>();
} }
pictures.add(picture); pictures.add(picture);
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public wvoid addPicture (String picture) {
if ((pictures) == null) {

*~ - pictures = new ArrayList<>();
®
L }
pictures.add (picture);
}
public void addPicture (String picture) { public void addPicture (String picture) {
if ((pictures) == null) { if ((pictures) == null) ({
- pictures = new ArrayList<>(); - pictures = new ArrayList<>();
+ pictures = new HashSet<>(); + pictures = new LinkedList<>();
} }
pictures.add(picture); pictures.add(picture);
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public void addPicture (String picture) {
if ((pictures) == null) {
*~ - pictures = new ArraylList<>();
®

L

}

pictures.add (picture) ;

}

use LinkedList and fix sublist problem
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public void addPicture (String picture) {
if ((pictures) == null) {
*~ - pictures = new ArraylList<>();
()

}
pictures.add (picture) ;

}

use

LinkedList and fix sublist problem

public void addPicture (String picture) {

if ((pictures) == null) ({
- pictures = new ArrayList<>();
+ pictures = new LinkedList<>();

}

pictures.add(picture);
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public void addPicture (String picture) {
if ((pictures) == null) {
- pictures = new ArraylList<>();

}

pictures.add (picture) ;

}

use LinkedList and fix sublist problem

public void addPicture (String picture) {

if ((pictures) == null) ({
= pictures = new ArrayList<>();
+ pictures = new LinkedList<>();

}

pictures.add(picture);
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Transformers can learn syntax

Model # of Multi- Accuracy (%)
Name params (M) Modal B2F B2F,,
Transformer-base 139.22 v 11.18 6.61
Transformer-large 406.03 v 13.40 8.63
CobIT 105.43 X 6.53 4.79
CSsz 347

@Cl COMPUTER SCIENCE



Transformers can learn syntax

Model # of Multi- Accuracy (%)
Name params (M) Modal B2F, B2F,,
Transformer-base 139.22 v 11.18 6.61
Transformer-large 406.03 v 13.40 8.63
CobIT 105.43 X 6.53 4.79
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Pretrained models improves Code editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) Modal B2F B2F,,
- LST™M 82.89 v 6.14 1.04
§ Transformer-base 139.22 v 11.18 6.61
rg Transformer-large 406.03 v 13.40 8.63
& CopIT 105.43 P 6.53 4.79

X 24.28 16.76

CodeBERT 172.50 % 26.05 1713

X 24.44 16.85

E GraphCodeBERT 172.50 % 2567 1831
2 X 28.13 16.35
.L’LE CodeGPT 124.44 % 2843 17.64
X 26.67 19.79

MobDiIT 139.22 % 29.99 23.02

CS«¥
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Pretrained models improves Code editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) Modal B2F B2F,,
- LST™M 82.89 v 6.14 1.04
§ Transformer-base 139.22 v 11.18 6.61
rg Transformer-large 406.03 v 13.40 8.63
& CobIT 105.43 X 6.53 4.79
( X 24.28 16.76 )
CodeBERT 172.50 % 26.05 1713
X 24.44 16.85
E GraphCodeBERT 172.50 % 2567 1831
2 X 28.13 16.35
.L’LE CodeGPT 124.44 % 2843 17.64
X 26.67 19.79
\ MobiIT 139.22 % 29.99 2302 |
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Pretrained models improves Code editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) Modal B2F B2F,,
- LST™M 82.89 v 6.14 1.04
§ Transformer-base 139.22 v 11.18 6.61
r; Transformer-large 406.03 v 13.40 8.63

= CopIT 105.43 X 6.53 4.79
[ X 24.28 16.76 )

CodeBERT 172.50 % 26.05 1713

X 24.44 16.85

@ GraphCodeBERT 172.50 % 2567 1831

2 X 28.13 16.35

E CodeGPT 124.44 % 2843 17.64

X 26.67 19.79
\ MobiIT 139.22 % 29.99 2302 |
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Multi Modality Improves Code Editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,

X 24.28 16.76

CodeBERT 172.50 7 26.05 1713

X 24.44 16.85

E GraphCodeBERT 172.50 7 7567 1831

% X 28.13 16.35

..E CodeGPT 124.44 7 2843 17.64

X 26.67 19.79

MobiIT 139.22 7 20.99 23.02
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Multi Modality Improves Code Editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,

X 24.28 16.76 1
CodeBERT 172.50 / 26.05 1713 J

X 24.44 16.85

-“Z’ GraphCodeBERT 172.50 7 7567 1831

% X 28.13 16.35

..E CodeGPT 124.44 7 2843 17.64

X 26.67 19.79

MobiIT 139.22 7 20.99 23.02
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Multi Modality Improves Code Editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,

X 24.28 16.76

CodeBERT 172.50 7 26.05 1713

X 24.44 16.85

-“Z’ GraphCodeBERT 172.50 7 75,67 1831

% X 28.13 16.35

..E CodeGPT 124.44 7 2843 17.64

X 26.67 19.79

MobiIT 139.22 7 20.99 23.02
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Multi Modality Improves Code Editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,

X 24.28 16.76

CodeBERT 172.50 26.05 1713

X 24.44 16.85

-QZ) GraphCodeBERT 172.50 7 7567 1831

% X 28.13 16.35

..E CodeGPT 124.44 v 78 43 17.64

X 26.67 19.79

MobiIT 139.22 7 20.99 23.02
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Multi Modality Improves Code Editing

Training | Model # of Multi- Accuracy (%)
Type Name params (M) | Modal B2F, B2F,,
X 24.28 16.76
CodeBERT 172.50 7 26.05 1713
X 24.44 16.85
-“Z’ GraphCodeBERT 172.50 7 7567 1831
% X 28.13 16.35
..E CodeGPT 124.44 7 2843 17.64
X 26.67 19.79 ||
MobIT 139.22 7 29.99 23.02 J
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Impact of Different Information Modality.

Accuracy (%)

Technique

B2F, B2F,,
MODIT 29.99 23.02
—Ceontext 28.76 21.63
——Guidanee 29.79 21.40
—Both-Context-and-Guidanee 26.67 19.79
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Impact of Different Information Modality.

Accuracy (%)

Technique

B2F, B2F,,
MoDIT 29.99 23.02
—Ceontext 28.76 21.63
——Guidanee 29.79 21.40
——Beoth-Context-and-Gutdanee 26.67 19.79
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Impact of Different Information Modality.

Accuracy (%)

Technique

B2F, B2F,,
MoDIT 29.99 23.02
—Ceontext 28.76 21.63
——Guidanee 29.79 21.40
——Beoth-Context-and-Gutdanee 26.67 19.79
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Impact of Different Information Modality.

Accuracy (%)

Technique

B2F, B2F,,
MoDIT 29.99 23.02
—Ceontext 28.76 21.63
——Guidanee 29.79 21.40
——Beoth-Context-and-Gutdanee 26.67 19.79
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Impact of Different Information Modality.

Accuracy (%)

Technique
B2F, B2F,,

MODIT 29.99 23.02
—Ceontext 28.76 21.63
——Guidanee 29.79 21.40
——Beoth-Context-and-Gutdanee 26.67 19.79
SequgnceR [Chen et al., TSE 19] 13.03 4.53
SequenceR + Guidance 17.90 4.60
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Impact of Different Information Modality.

)

Impact of Guidance

// Guidance: fixed some bugs in type checking
// improved performance by caching types of expressions
private TypeCheckInfo getType (SadlUnionType expression) {

return new TypeCheckInfo (
— declarationConceptName, declarationConceptName
/* MODIT generated patch with guidance */

+ declarationConceptName, declarationConceptName,
+ this, expression
/* MODIT generated patch without guidance =*/
+ this.declarationConceptName,
+ this.declarationConceptName
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Impact of Different Information Modality.

)

Impact of Guidance

// Guidance: fixed some bugs in type checking
// improved performance by caching types of expressions
private TypeCheckInfo getType (SadlUnionType expression) {

return new TypeCheckInfo (
— declarationConceptName, declarationConceptName
/* MODIT generated patch with guidance */

+ declarationConceptName, declarationConceptName,
+ this, expression
/* MODIT generated patch without guidance =*/
+ this.declarationConceptName,
+ this.declarationConceptName
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Impact of Different Information Modality.

// Guidance: Fix bug of sending wrong message
public void setPredecessor (model.Message m) {
this.predecessor = Integer.valueOf (m.Content);
model .Message sent = new model .Message();
sent.To = m.Origin;

sendMessage (m) ;

/* MODIT generates with the context. x*/

+ sendMessage (sent) ;

/+* MODIT generates without context as input. =/
+ sendMessage (m.toString());

{ Impact of Context }
|
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Impact of Different Information Modality.

// Guidance: Fix bug of sending wrong message
public void setPredecessor (model.Message m) {
this.predecessor = Integer.valueOf (m.Content);
model .Message sent = new model .Message();
sent.To = m.Origin;

sendMessage (m) ;

/* MODIT generates with the context. x/
+ sendMessage (sent) ;

/* MODIT generates without context as input. =/
+ sendMessage (m.toString());

{ Impact of Context }
|
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Best way to encode input Modalities.

Modality 1: Code to be edited

Modality 2:

Context

Modality 3:

Guidance

%eston.charAt(l} = wrappianuote]

private String ...
Map<string,

(char
Object>jsonMap) {...}

fix problem which occurred
when the resulting json is empty

J

’ Code Encoder

—

17 1 1

<s>newJson charAt

wrappingQuote

N
! jsonChject

ot

Context Encoder

,/F\\ isEmpty </s>
| t

> I

>
>

iy
Q

! f I

<s> private String

f

newJson }

Decoder

<s>

‘ Guidance Encoder

}_,

T 1 1 1

<s> jsen is empty

CSw
eCU

Tufano et.

COMPUTER SCIENCE

al.

T K\,,I 3¥;D6Ljecg\gﬁT o J

ICSE 2021
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Best way to encode input Modalities.

# of
Modalities

# of
Encoders

Accuracy (%)

B2F

B2F,,

CS«¥

@Cl COMPUTER SCIENCE
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Best way to encode input Modalities.

# of # of Accuracy (%)
Modalities Encoders B2F B2F,,
3 20.63 11.6
3 (ep, G, C) ’
1 26.05 17.13

CS«¥

@Cl COMPUTER SCIENCE
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Best way to encode input Modalities.

# of # of Accuracy (%)
Modalities Encoders B2F B2F,,
2 23.12 15.4
2 (e, ) ’
1 23.81 17.46

CS«¥

@Cl COMPUTER SCIENCE
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Best way to encode input Modalities.

CS&w 370
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Best way to encode input Modalities.

X X
Encoder 1 }[ Decoder J
Y — Y

)

Encoder 2

CS& 371
&) COMPUTER SCIENCE



Best way to encode input Modalities.

)Q.‘ ’:Xé

Encoder 1

Y —Y

:%—»[ Decoder J

Encoder 2

A

«— X «— Y «—Y,

b

Y\___‘_____/

J+[Decoder}

Single Encoder

CS«¥

@Cl COMPUTER SCIENCE
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NatGen: Code Generation By Pretrained Models

Syntax Dataflow CodeBLEU Direct Avg. Edit
Match (%) Match (%) (%) Copy (%) | Distance
0 65

CodeT5[18] 13.83 23.67 10.87
PLBART 73.17 75.95 74.56 7.05 3
NatGen 98.16 96.85 96.82 0.01 10
CS@ [18] Wang et al. 2021
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NatGen: Code Generation By Pretrained Models

Syntax Dataflow CodeBLEU Direct Avg. Edit
Match (%) Match (%) (%) Copy (%) | Distance
0 65

CodeT5[18] 13.83 23.67 10.87
PLBART 73.17 75.95 74.56 7.05 3
NatGen 98.16 96.85 96.82 0.01 10
1. Input
protected SDV iam(SDV in,...){

if(i < i)
return new IAM(...);

}
return new IAM(...);

CS@ [18] Wang et al. 2021
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NatGen: Code Generation By Pretrained Models

Syntax Dataflow CodeBLEU Direct Avg. Edit
Match (%) Match (%) (%) Copy (%) | Distance
5

CodeT5[18] 13.83 23.67 10.87
PLBART 73.17 75.95 74.56 7.05 3
NatGen 98.16 96.85 96.82 0.01 10
1. Input 2. PLBART output
protected SDV iam(SDV in,...){ SDV iam(SDV in, ...){
if (i < i){ if(i < i){
return new IAM(...); return new IAM(...);
} }
return new IAM(...); return new IAM(...);
¥ }
CS@ [18] Wang et al. 2021
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NatGen: Code Generation By Pretrained Models

Syntax Dataflow CodeBLEU Direct Avg. Edit
Match (%) Match (%) (%) Copy (%) | Distance

CodeT5[18] 13.83 23.67 10.87
PLBART 73.17 75.95 74.56 7.05 3
NatGen 98.16 96.85 96.82 0.01 10
1. Input 2. PLBART output 3. NATGEN output
protected SDV iam(SDV in,...){ SDV iam(SDV in, ...){ protected SDV iam(SDV in,...){
if(i < i) if(i < i){ return new IAM(...};’
return new IAM(...); return new IAM(...); }
} }
return new IAM(...); return new IAM(...);
¥ }
CS@ [18] Wang et al. 2021
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NatGen: Code Generation By Pretrained Models

Syntax Dataflow CodeBLEU Direct Avg. Edit
Match (%) Match (%) (%) Copy (%) | Distance

CodeT5[18] 13.83 23.67 10.87
PLBART 73.17 75.95 74.56 7.05 3
NatGen 98.16 96.85 96.82 0.01 10
1.1
nput 2. PLBART output 3. NATGEN output 4 CodeT5 output
protected SDV iam(SDV in,...){ SDV iam(SDV in, ...){ . .
) i ] protected SDV iam(SDV in,...){ : i
if(i < i)f if(io< i) return new TAHC...): if G {
return new IAM(...); return new IAM(...): ) ’ return
’ ’ y )
return new IAM(...); return new IAM(...);
} }
CS@ [18] Wang et al. 2021
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NatGen Results

e NL to Code Generation

Approach EM SM DM CB
Seq2Seq 3.05 - - 26.39
Guo et al. [30] 10.05 - - 29.46
Iyer et al. [37] 12.20 - - -
GPT-2 17.30 - - 29.69
CodeGPT 20.10 - - 35.98
PLBART 18.75 - - 38.52
CodeT5-base
22.30 - - 43.20
(reported)
M 21.85 44.34  44.52 41.75
CodeT5* last
Mpese | 21.55  41.08 4371  38.30
22.25 45.59 46.87 43.73
NATGEN Miast
Mpes: | 2230 4438 4564  42.44

* Our reproduced result using CodeT5’s publicly available pre-trained model.
378



NatGen Results

e Code Translations

Approach Java— C# C#— Java
EM SM DM CB  EM SM DM CB
PBSTM 12.5 - - 42,7 | 16.1 - - 43.5
CodeBERT | 59.0 - - 85.1 | 58.8 - - 79.4
SPT-Code 64.1 - - - 60.2 - - -
PLBART 64.6 - - 87.9 | 65.0 - - 85.3
Codel5 | oog . - - | 669 - - -
(reported)
CodeT5* 659 904 919 878 | 66.0 904 889 844
NATGEN 66.2 91.0 92.0 88.1 | 67.3 91.0 898 852

* Our reproduced result using CodeT5’s publicly available pre-trained model.
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NatGen Results

e Code Summarization

Approach Go Java JS Python Php Ruby | Overall
PLBART 18.91 16.45 15.56 19.30 23.58 14.11 18.32
CodeT5 19.56 2031 16.16 20.01 26.03 15.24 19.55
NATGEN 19.43 20.38 16.00 20.09 26.00 15.38 19.55
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NatGen Results

e Zero Shot Learning

0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

B NatGen B CodeT5

+ L]
H
: i
Syntax Match Dataflow Match CodeBLEU

(a) Java to C# Translation

B NatGen B CodeT5

M

Syntax Match Dataflow Match CodeBLEU

(c) Text to Code Generation

1.0
0.8

0.4
0.2
0.0

Il NatGen BEEm CodeT5

1%

Syntax Match Dataflow Match CodeBLEU

(b) C# to Java Translation

I NatGen EEE CodeT5

ol i

Syntax Match Dataflow Match CodeBLEU

(d) Bug Fix (small, multimodal)
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NatGen Results

e Few Shot Learning

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

B NatGen  EE CodeT5
; ‘ i 6
Syntax Match Dataflow Match CodeBLEU

(a) Java to C# Translation

B NatGen  EEEH CodeT5

™

Syntax Match Dataflow Match CodeBLEU

(c) Text to Code Generation

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

Il NatGen  EEE CodeTS

N1

Syntax Match Dataflow Match CodeBLEU

(b) C# to Java Translation

I NatGen [EEEH CodeT5

L

Syntax Match Dataflow Match CodeBLEU

(d) Bug Fix (small, multimodal).
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NatGen Results

e Few Shot - Ablation

Syntax Match

100 200 300 400 500

[=)]
o

|

|

|

\
\
\

Syntax Match
I
o

100 200 300 400 500

—— -'\r

‘s\‘

w
w

Dataflow Match

w
(=]

100 200 300 400 500

(a) Text to Code Generation.

+ NatGen e CodeT5

L=a)
o

Dataflow Match I
B
(=]

100 200 300 400 500

(b) C# to Java Translation.

CodeBLEU

=
[=)]

CodeBLEU

-~
o

(=1}
[==]

L o

100 200 300 400 500

I
1
I
1
1
1
1
1
1

100 200 300 400 500
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NatGen Results

e Few Shot - Ablation

Syntax Match

Syntax Match

[=)]
o

B
o

I
o

100 200 300 400 500

——

100 200 300 400 500

NatGen

- CodeT5

Dataflow Match I
= [=)]
o (=]

M
o

100 200 300 400 500

(c) Java to C# Translation.

== NatGen — CodeT5
e ——
345 ~——--_
]
=40
=
o
o35
4
©
(]

100 200 300 400 500

(d) Bug Fix (small, multimodal).
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Code Before Edit

L

Code After Edit

SN

e
Input

[} o

—_—
output

o

@

Language
Model

Iay, L
7

Edit Model
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Input

et

output

Pretraining - Embed the knowledge of input and
output into the model.
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PLBART - Pretraining both encoder and decoder.

fir% =—q nujq q </s>
T S T S S

[ Encoder Decoder

LIT. . T LWL



PLBART - Pretraining both encoder and decoder.

fir% =—q nujq q </s>
T S T S S

Encoder Decoder

R A G A B R R NA Y

e
— What Type of Model should we use?
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Recurrent Model Vs. Transformer Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model

2. Transformer Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model

2. Transformer Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model

2. Transformer Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model

2. Transformer Model
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Recurrent Model Vs. Transformer Model

1. Recurrent Model

2. Transformer Model
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static void main ( see </sS>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> cee } <s> static void main see }
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static void main ( see </sS>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> cee } <s> static void main see }
4 I

static
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Bidirectional Encoder

!

|

static void for <MASK>

]

For

LY
1

o ¥ 1 N
- r
- f A
.
........ \
. o
void oo ’
W a4 .
“a Lial™ -
i & . [
’ R |
i n -
# -
! x " Lt
i E -'\‘-.. ‘"
i
i
i

~

———

static void

1

1

main

1

(

f

</s>

1

Ead

Generative Decoder

1

|

|

|

<s> static void main
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static void main ( see </sS>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> cee 3 <s> static void main see }

N

[static ]—»[ void ]
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static void main ( ses </sS>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> cse } <s> static void main see }
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static void main ( see /s>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> cse } <s> static void main see }
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static void main ( see /s>

rt 1 1 1

Bidirectional Encoder ’ |:{> Generative Decoder
static void for <MASK> ces } <s> static void main see }

406



BERT - Pretrained Transformer Encoder

boring |

~
Transformer Transformer Encoder

Token :’_—1_—\”’__1—_“:"_—1__“”—_1-_‘\!’ — S —
" | i ¥ Y I
e (N | Y i N 1 O S 1
A T T O O

posten 45 Vi i e e )i )
Embeddings ' 0 ,': 1 J"‘ 2 ’H\ 3 n 4 " s i

__________________________________________

o (] () () G o) )
R PR A A .
the movie is very boring !
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

Token :’ Vi \If N Vi Vi ~
N} I 1 1 [N 1
mventings {| e Ji{Eawse Ji B i B i Eouen 5B )
A R A

Embeddings | 0 M 1 I SR |\ 3 n 2 B s i

__________________________________________

Input [ the ’ |movie’ | is ’ | very ’ |[N-MASK]

o1 7 1 1]

the movie is very boring !
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

Token :’ Vi \If N Vi Vi ~
N} I 1 1 [N 1
mventings {| e Ji{Eawse Ji B i B i Eouen 5B )
A R A

Embeddings | 0 M 1 I SR |\ 3 n 2 B s i

__________________________________________

Input [ the ’ |movie’ | is ’ | very ’ |[N-MASK]

o1 7 1 1]

the movie is very boring !
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

Token :’ Vi \If N Vi Vi ~
N} I 1 1 [N 1
mventings {| e Ji{Eawse Ji B i B i Eouen 5B )
A R A

Embeddings | 0 M 1 I SR |\ 3 n 2 B s i

__________________________________________

Input [ the ’ |movie’ | is ’ | very ’ |[N-MASK]

o1 7 1 1]

the movie is very boring !
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

Token :’ Vi \If N Vi Vi ~
N} I 1 1 [N 1
mventings {| e Ji{Eawse Ji B i B i Eouen 5B )
A R A

Embeddings | 0 M 1 I SR |\ 3 n 2 B s i

__________________________________________

Input [ the ’ |movie’ | is ’ | very ’ |[N-MASK]

o1 7 1 1]

the movie is very boring !
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

Token :’ Wi \If \ Y A\l i 4
n 1 1 [N ] 1
Embeddings :[ Fane ]::|Emvie]::l Es h:[ Every ][E][ E )
N T R L

Embeddings | 0 M 1 I SR |\ 3 n 2 B s i

__________________________________________

Input [ the ’ |movie’ | is ’ | very ’ |[N-MASK]

o1 7 1 1]

the movie is very boring !

[ SE usage: Better Suitable for Understanding Code. }
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BERT - Pretrained Transformer Encoder

boring |

.
Transformer [ Transformer Encoder Pre-training:
i f i i i Task agnostic Masked Language Model.

gﬁf:daings g{ Etne ]Eé'E““ie ]Hl Es J‘ii’[ Every ]\EE[F‘"““]H[ B i
A T T T R i
P B0 Jil E JiCE Jal e Ji( m [ m ) [ I. CuBERT - Kanade et. al. 2020. }

---------------------------------- 2. CodeBERT - Feng et. al. 2020.

Input [ the ’ |movie’ | s ’ | very ’ |[N-MA5K] ‘ T , 3. GraphCodeBERT - Guo et. al. 2021
R PR A A .
the movie is very boring !

[ SE usage: Better Suitable for Understanding Code. }
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flr'—" /\ null q </s>
¢

Decoder Tralned from

Pretrained BERT Encoder Scratch

TIT . ] T R }

Knowledge about generation is not embedded in
Decoder.
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CodeBERT vs. CodeGPT vs. PLBART
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CodeBERT vs. CodeGPT vs. PLBART
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CodeBERT vs. CodeGPT vs. PLBART

N

[

Fretrained
Bidirectional Encoder

)6

EEEEEEE

:ained f*cm
Scratch

T 11
<s> if (

ELI.-?'_

f
}

T

BERT
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T 1 1 1

Pretrained Left-to-Right Decoder
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CodeBERT vs. CodeGPT vs. PLBART

N R
(\ f\ null r\ < /s> :|.f ( ;' E(SEP flrst /\ null ,r\ </s>
3 £l 1 t L 1 $ ] 4
Pretrained > Decoder T ained from Pretralned Left-to- nght Decoder J
Bidirectional Encoder | . ‘SerJ:‘h ) : ] : \ | | L
TIT 1 TETWET | & e DU ek BT L
BERT JRN GPT
4 N\
flrst /\ null ,/\ </s>
N
Pretrained Pretralned Left-to-
Bidirectional Encoder nght Decoder
<l> JIE T fj_ISt I <I> flISt null \,T
L PLBART
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